Background {#Sec1}
==========

In this paper, we consider the second-order impulsive differential equation with mixed nonlinearities of the form$$\documentclass[12pt]{minimal}
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In recent years the theory of impulsive differential equations emerge as an important area of research, since such equations have applications in the control theory, physics, biology, population dynamics, economics, etc. For further applications and questions concerning existence and uniqueness of solutions of impulsive differential equation, see Bainov and Simenov ([@CR2]), Lakshmikantham et al. ([@CR14]). In the last decades, interval oscillation of impulsive differential equations was arousing the interest of many researchers, see Li and Cheung ([@CR15]), Liu and Xu ([@CR16], [@CR17]), Muthulakshmi and Thandapani ([@CR18]) and Özbekler and Zafer ([@CR19], [@CR20]) considered the following equations$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left\{ \begin{array}{ll} (r(t)(\Phi _{\alpha }(x'))'+p(t)\Phi _{\alpha }(x')+q(t)\Phi _{\beta }(x)=e(t),&{}\quad t\ne \tau _k;\\ \Delta (r(t)\Phi _{\alpha }(x'))+q_i\Phi _{\beta }(x)=e_i, &{}\quad t= \tau _k,\, k\in {\mathbb {N}}. \end{array} \right. \end{aligned}$$\end{document}$$As far as we know, it is the first article focusing on the interval oscillation for the impulsive differential equation with damping term. Their results well improved and extended the earlier one for the equations without impulse or damping. Recently Guo et al. ([@CR7]) considered a class of second order nonlinear impulsive delay differential equations with damping term and established some interval oscillation criteria for that equation.

However, for the impulsive equations, almost all of interval oscillation results in the existing literature were established only for the case of "without delay", in other words, for the case of "with delay" the study on the interval oscillation is very scarce. To the best of our knowledge, Huang and Feng ([@CR12]) gave the first research in this direction recently. They considered second order delay differential equations with impulses$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left\{ \begin{array}{ll} x''(t)+p(t)f(x(t-\tau ))=e(t),\quad t\ge t_0,\quad  t\ne t_k;\\ \\ x(t_k^+)=a_kx(t_k),\quad  x^{'}(t_k^+)=b_kx'(t_k),\quad  \, k=1,2,\ldots \end{array} \right. \end{aligned}$$\end{document}$$and established some interval oscillation criteria which developed some known results for the equations without delay or impulses (Liu and Xu [@CR16]; El Sayed [@CR3]). It is natural to ask if it is possible to research the interval oscillation of the impulsive delay equations with damping term. In this paper, motivated mainly by Huang and Feng ([@CR12]) and Özbekler and Zafer ([@CR19]), we study the interval oscillation of second order nonlinear impulsive delay differential equations with damping term ([1](#Equ1){ref-type=""}). We establish some interval oscillation criteria which generalize or improve some known results of Guo et al. ([@CR8], [@CR9], [@CR7]), Liu and Xu ([@CR16], [@CR17]), Muthulakshmi and Thandapani ([@CR18]), Pandian and Purushothaman ([@CR21]), Özbekler and Zafer ([@CR19], [@CR20]) and Li and Cheung ([@CR15]). Finally we give an example to illustrate our main result.
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The proof of Lemma 1 can be found in Hassan et al. ([@CR11]) and Özbekler and Zafer ([@CR20]) which is the extension of (Lemma 1, Sun and Wong [@CR23]).

*Remark 1* {#d30e3253}
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*Proof* {#FPar4}
-------
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*Proof* {#FPar6}
-------
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----------

When the impulse is disappear, i.e., $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$a_k= b_k=1$$\end{document}$ for all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k= 1,2,\ldots ,$$\end{document}$ the delay term $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\delta =0$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(t)=0$$\end{document}$ Eq. ([1](#Equ1){ref-type=""}) reduces to the situation studied in Hassan et al. ([@CR11]). Therefore our Theorem 1 extends Theorem 2.1 of Hassan et al. ([@CR11]).

*Example 1* {#FPar11}
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*Remark 6* {#FPar12}
----------

The result obtained in Guo et al. ([@CR8], [@CR9], [@CR7]) and Erbe et al. ([@CR4]) cannot be applied to Example 1, since the results in Guo et al. ([@CR8]) can be applicable only to equations having only one nonlinear term and the results in Guo et al. ([@CR9]), Guo et al. ([@CR7]), Erbe et al. ([@CR4]) can be applied to equations without damping term. Therefore our results extent and compliment to Guo et al. ([@CR8], [@CR9], [@CR7]), Hassan et al. ([@CR11]), Li and Cheung ([@CR15]), Pandian and Purushothaman ([@CR21]) and Erbe et al. ([@CR4]).

Conclusion {#Sec3}
==========

In this paper we have obtained interval oscillation criteria for Eq. ([1](#Equ1){ref-type=""}) which extend and generalize some known results in Guo et al. ([@CR8]), Li and Cheung ([@CR15]), Hassan et al. ([@CR11]) and Özbekler and Zafer ([@CR20]), Pandian and Purushothaman ([@CR21]).
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